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Abstract

Introduction. Testing drainage systems on bridges is a critically important step in ensuring their
durability, safety, and reliability. These tests are necessary to prevent damage to the bridge structure that can
be caused by excessive moisture, corrosion, and freezing water. The bridge deck is constantly exposed to
atmospheric precipitation in the form of rain and snow. If the drainage system does not function properly,
water will accumulate on the roadway, creating additional stress on the pavement and waterproofing
layer. This can lead to rapid deterioration, cracks, and potholes. Tests ensure that all water is effectively
collected and drained.

Metal bridge elements, such as reinforcement, beams, and support structures, are susceptible to
corrosion, which is exacerbated by water, salt, and chemical reagents used in winter to avoid ice. Proper
drainage minimizes metal contact with aggressive environments, significantly extending the life of the
structure. Water that is not drained from the bridge surface contributes to increased aquaplaning, especially
during heavy rain. This significantly increases the risk of road accidents. Testing helps to identify and eliminate
areas where water stagnates, ensuring safe conditions for traffic.

Tests, including downpour tests or leak tests, can reveal defects that cannot be seen visually: clogged
drain pipes, cracks in the waterproofing, or incorrect road surface slope. This allows problems to be quickly
eliminated before they cause serious damage. Regular testing and timely repair of the drainage system is
significantly cheaper than major bridge repairs, which may be caused by structural damage due to atmospheric
precipitation. These measures are part of scheduled maintenance, which helps to avoid unforeseen costs
in the future.

Testing drainage systems on bridges is not just a formal procedure, but an integral part of
responsible infrastructure management that ensures the long-term sustainability, cost-effectiveness, and safety
of bridge structures.

Problem Statement. Despite the overall importance of testing, there are no unified standards and
methodologies that would allow for a complete and comprehensive analysis. Each bridge has unique
characteristics (length, width, slopes, type of construction), which requires an individual approach to each test.
This complicates the comparison of results and the development of universal recommendations.

Objective. The main purpose of hydraulic testing on bridges is to ensure the reliability, durability, and
safety of the bridge structure through effective water drainage. These tests confirm that the drainage system is
functioning properly, preventing the destructive effects of excessive moisture. Hydraulic testing is preceded
by surveying work, which involves checking and recording the actual characteristics of the drainage system.
This includes checking the design slopes of the road surface and drainage channels, as well as the location of
catch basins and drain pipes. The accuracy of this data is critical to ensuring effective collection and drainage
of water from the bridge surface, preventing stagnation and further destruction. Geodetic work on bridges has
its own specific features and challenges:

e The work is often carried out in conditions of active traffic, which requires the use of modern high-
precision equipment and compliance with increased safety measures.

e A bridge is a dynamic structure that is constantly exposed to temperature fluctuations. This can
cause materials to expand or contract, affecting the accuracy of measurements.

e  Access to some elements of the drainage system, such as internal drainage pipes or drains, may be
limited, requiring the use of special methods and tools.
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Thus, high-quality surveying as part of acceptance testing is an integral part of ensuring the durability,
safety, and functionality of a bridge, helping to avoid hidden defects and costly repairs in the future.

Materials and methods. In studying the errors of geodetic instruments and the resulting coordinates, the
method of a priori simulation modeling was used. In assessing the accuracy of geodetic work, the method of
statistical analysis was used.

Results. The paper describes in detail the stages, means, and work of geodetic measurements as part of
the work to verify the effective operation of the drainage system. Based on the analysis of the accuracy of
geodetic work, recommendations are given on the methodology for performing observations.

Conclusions. The integration of geodetic measurements into hydraulic testing of bridges is critically
important because it provides objective and documented evidence of the drainage system’s compliance with
design requirements. Comprehensive analysis ensures long-term reliability, cost-effectiveness, and increased
traffic safety on the bridge, transforming acceptance testing into a scientifically sound process.

Keywords: errors, geodetic measurements, leveling, construction and operation of bridges, drainage,
slopes.

Introduction

When performing survey and engineering-geodetic work on bridges, the work is divided into three
main stages:

preparatory — obtaining the customer’s technical specifications and developing contractual
documentation, collecting and analyzing survey materials from previous years, conducting a reconnaissance
survey of the territory, and developing a working survey project;

field stage — performing a set of field measurements and preliminary data processing to ensure their
quality, completeness, and accuracy (field materials and preliminary processing materials are not included in
the report and are not transferred to the customer, but are stored with the main copy of the report in the
contractor’s archive);

office — final processing of field measurement data with an assessment of the accuracy of the results
obtained, creation of digital vector plans and drawings, study and analysis of materials from previous years’
measurement work, compilation and transfer of the report to the customer [3].

This study examines in detail the field stage of work as the one that most affects the accuracy of drainage
system installation and check.

Analysis of Recent Research and Publications. To carry out engineering and geodetic survey work, a
number of interrelated technological processes are performed to create the specified final cartographic and
geodetic information. Drawing up a work program. Surveying reference geodetic and leveling networks.
Creating a planimetric and elevation geodetic network. Aerial photography of the territory. Field decoding.
Stereotopographic surveying. Formatting of engineering and topographic information into digital vector and
graphic form. Preparation of a technical report [3].

The procedure for creating engineering and topographic plans in terms of their content and accuracy is
determined by the Technical Specifications, Procedure, DBN A.2.1-1-2008 “Engineering surveys for
construction” with the application of the current "Conventional signs for topographic plans of scales 1:5000,
1:2000, 1:1000, and 1:500," taking into account the additions and explanations of Ukrgeodesykartografiya
and the Ministry of Regional Development and Construction of Ukraine regarding the specifics of their
application [3 — 11].

The technology for creating and technical requirements for topographic plans at scales of 1:500 —
1:5000 are mandatory for all entities operating in this field, regardless of their departmental affiliation.
Various methods are used to create a basis for high-precision work [13, 15]. At the same time, the issue of
monitoring the geometry of structures has been fairly well researched, but drainage structures are not taken
into account in such work [14].

Objective. To justify the feasibility of using engineering and geodetic measurements as part of hydraulic
testing of drainage systems on bridges.
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Materials and Methods

In order to conduct a more accurate survey than a topographic one, namely a 2-20 mm planimetric and
height survey of structural elements, it is necessary to create a planimetric and elevation geodetic network.
Such networks are created using a combined method of GNSS observations, linear-angular measurements,
and levelling.

First, a special-purpose planimetric and altimetric network is created. The points of the planimetric and
elevation network (bridge triangulation) are fixed with forced centring points or metal dowels drilled into
concrete monolithic slabs on both sides of the bridge crossing. The type of fixing of the points is selected so
as to ensure their stability and preservation. For planimetric surveys, the number of such points must be at least
four, and for elevation surveys, at least two.

If necessary, combined marks mounted on bridge pillars or other stable structures can be used. These
marks are used when measuring structures that are not accessible from the bridge deck. They are designed to
improve the accuracy of determining the plan and elevation coordinates of structures by means of coordinate
intersections, trigonometric levelling, or terrestrial laser scanning (registration and georeferencing of scans
from a scanner). Steps are compiled for all points of the planimetric and elevation geodetic network.
GNSS observations of points of the planimetric and elevation network are performed in static mode with a
data collection frequency of 0.5-1 seconds from the NAVSTAR, GALILEO, BEIDOU, and GLONASS
satellite systems. The observation session at each point must last at least 1 hour. At the same time,
measurements are carried out not by a ray method, but by a network method in order to obtain all network
vectors and, accordingly, sufficient reliability of the criteria for assessing the accuracy of the obtained
coordinates of the network points.

Linear-angular measurements are performed by at least two full circular receptions at points and one
circular reception at combined marks. The RCS of angle measurements with an electronic total station should
be no more than 2 angular seconds. Linear measurements at bridge triangulation points are performed on a
reflector, and at combined marks — on retro sheets. In the absence of forced centering points, reflective
systems are fixed on wooden tripods located at the points throughout the entire measurement cycle.

Levelling between points is performed according to a class 3 level program. It is permissible to use
digital levels with an accuracy of no worse than 1.5 mm per km of double run. The use of aluminium telescopic
staves is not permitted, only wooden, fibreglass and invar staves. When working on an operational bridge, it
is recommended to stop traffic for the duration of the levelling or to perform the leveling during the least busy
time with temporary closures at the time of measurement.

Terrestrial laser scanning can be used to obtain planimetric and elevation information about building
structures and individual elements. This technology allows a large number of points to be obtained in a short
time (fig. 1). The accuracy of coordinate determination in this way is from 5 to 20 mm, depending on the length
and configuration. The biggest advantage of using ground-based laser scanning is that it provides information
about all visible structures, not just individual points. The result of scanning is a point cloud, which can consist
of millions or hundreds of millions of points, each of which has three-dimensional coordinates in the state
coordinate system or the object coordinate system (construction grid).

Figure 1 — Sample cloud of bridge transition points (approx. 420 million points)
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The resulting point cloud can serve as a basis for further virtual surveying and determining the
coordinates of individual points on structural elements of the structure. It can also be used for further wireframe
or solid modelling.

101 Yaw [0.000334585 ; 6.30114] (0000610188

P e s

b)

a) fragment approx. 10 m wide
b) on the right — approx. 1 m.

Figure 2 — Zoom in on the point cloud

Geometric levelling is used to obtain accurate (2-3 mm) elevation coordinates of objects that require
such accuracy (e.g., drainage systems). It is also optimal to use geometric levelling to determine the marks of
structures located on the lower side and which are not accessible from the upper side. These can be suspended
collectors, elements of arch spans, and other utilities. However, the possibility of such work is limited to
viaducts with a small height (up to 5 m). If it is necessary to perform such work on aqueducts or high viaducts,
trigonometric levelling is used with an electronic total station for non-reflective distance measurement. The
accuracy of the points obtained in this way is about 5 mm, but may vary upwards due to long distances and a
decrease in the angle of reflection of the laser beam and an increase in the inclination of the telescope. If access
to such an element is possible from service channels or by other means (for example, from the platform of a
hydraulic lift), mini-prisms or specially designed retro sheets are used to increase the accuracy of determining
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the marks coordinates. In this case, observations are made using the full reception method (both faces
measurement).

To perform trigonometric levelling, it is necessary to have combined marks on the pillars of the bridge
crossing, the coordinates of which are determined from a special-purpose planimetric and elevation network.
This allows you to increase the accuracy of height measurements in conditions of strong vertical refraction
present on water obstacles.

Drawing up planimetric and elevation surveys of bridge structure elements. Given the specific
nature of the information obtained as a result of surveying elements, it is drawn up in the form of as-build
surveys. For structures where elevation coordinates are more important, the executive survey is drawn up in
the form of transverse and/or longitudinal profiles. The scale of such a profile is selected depending on the
length of the element and ranges from 1:2000 (H) — 1:200 (V) to 1:100 (H— 1:10 (V). It is also permissible
to perform profiles at an arbitrary scale while maintaining a horizontal to vertical scale ratio of 1:10 or 1:5 to
fit the paper format. The scale, ratio, or paper format is selected by the customer and specified in the Technical
Specification.

In addition, combined planimetric and elevation surveys are performed to obtain information
about slopes. They are drawn up either in the form of plans or in the form of plans and sections indicating
the design and/or actual slopes. On such drawings, distances and marks are given in meters to two
decimal places, slopes are given to one part per thousand, unless otherwise specified in the Technical
Specification. At the same time, when calculating slopes, plan and elevation coordinates are used to three
decimal places.
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Figure 3 — Sample of combined planimetric and elevation surveying

Planimetric as-built drawings are prepared in accordance with the Technical Specification and contain
planned displacements of structural elements from their design position or from construction axes, indicating
the design and actual dimensions. Distances are given in millimetres or meters to three decimal places. In the
case of several structures of the same type, it is permissible to indicate deviations in pairs of arrows along the
axes with the values of deviations in millimetres for planned displacements and the amount of displacement
with the corresponding sign in a circle for height displacements.
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When installing or inspecting drainage systems, segments with a length of 6 or 12 meters are usually
used. At the same time, depending on the diameter of the pipe, the slopes can be small (1 %o, 3 %o) and large
(20 %o). Therefore, the difference in height between the edges of the section will be from 6 mm to 240 mm.
These values are ideal elevations that must be maintained. The accuracy of geodetic work determines how
close we can get to these ideal values in practice. The slope installation error m; is determined by formula 1:

m;(%o) = %1000, (1)

where my, is the error in determining the elevation in meters, and L is the length of the section in meters.

Now let’s look at the two main methods for determining elevations: geometric and trigonometric
levelling.

Geometric levelling is a classic method based on sighting with a horizontal sight line using a level and
reading from levelling staves. This is the most accurate method for determining elevations over short distances.
Accuracy depends on the class of the level and the measurement conditions. For such short distances, the
accuracy of a typical device used in construction is about 0.5 — 1.0 mm.

Trigonometric levelling determines elevation by measuring the inclined distance and vertical angle using
an electronic total station. The total station measures the angle of inclination to the reflector installed at the
point and the distance to it. The elevation is calculated using the formula:

h = S-sin(a) , )

where S is the inclined distance and a is the angle of inclination.

The accuracy depends on the accuracy of the angle and distance measurements by the total station, as
well as on the accuracy of the installation of the device and the reflector. In addition, the accuracy of
trigonometric levelling deteriorates when the telescope is tilted relative to the horizontal direction. In this case,
we can talk about an accuracy of within 5 mm.

Table 1
Let’s summarise the values of the elevations between the edges of the pipe segment wle
and the values of the slope accuracy in a table
Segment = Theoretical Required Geometric levelling ‘ Trigonometric levelling
length slope elevation m; Actual slope, %o m; Actual slope, %o
6™ 1 %o 6 MM 0,17 0,83 1,17 0,83 0,17 - 11,83
6 M 3 %o 18 MM 0,06 2,94 — 3,06 0,28 2,72 - 13,28
6 M 20 %o 120 MM 0,01 19,99 — 20,01 0,04 19,96 — 120,04
12m 1 %o 12 mm 0,08 0,92 - 1,08 0,42 0,58 — 11,42
12 m 3 %o 36 MM 0,03 2,97 3,03 0,14 2,86 — 13,14
12 ™ 20 %o 240 mMm 0,00 20 0,02 19,98 — 120,02

Based on a comparison of the accuracy of the methods and calculation results, the following
recommendations can be made.

1. For small slopes (1 %o — 3 %o)

To ensure the stability and reliability of the slope, especially at 1 %o, geometric levelling with a precision
or technical level is recommended. It is easier to perform over such short distances and guarantees an error
within 0.03 %o — 0.17 %eo.

Therefore, for reliable small slopes where every millimetre counts, geometric levelling is the preferred
method due to its high accuracy and ease of use over short distances.

2. For large slopes (20 %o)
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In this case, the accuracy requirements are significantly lower. The elevations are large, and an error of
a few millimetres will not have a critical impact on the final result. Trigonometric levelling using an electronic
total station is perfectly acceptable and even more convenient here. An error of 3-5 mm is perfectly acceptable.
Geometric levelling can of course also be used, and it will give a more accurate result.

General conclusion:

For high accuracy (slopes up to 3 —5 %o): priority should be given to geometric levelling.
For standard accuracy (slopes over 10 %o): Trigonometric levelling can be used effectively, as it is often more
versatile and faster in construction site conditions.

Conclusions

Geodetic measurements are not just an additional, but a critically important component of acceptance
hydraulic tests. In addition, the types and methods of performing such work already allow achieving the
accuracy required for the correct installation of drainage systems. Together, they provide quantitative
confirmation of design decisions, helping to identify hidden defects that cannot be detected by hydraulic tests
alone. Thus, the integration of geodetic measurements into the hydraulic testing process allows for a new level
of accuracy and reliability in quality control, transforming the bridge acceptance procedure from a visual
inspection to a scientifically based analysis.

Unlike subjective assessments, geodetic data is irrefutable proof that all geometric parameters
of the drainage system comply with the design documentation. This ensures the legal and technical
transparency of the process. In the case of visual confirmation of the system’s functioning, measurements allow
the identification of minor but potentially dangerous deviations (e.g., local depressions) that could lead to water
stagnation, pavement damage, and, as a result, costly repairs in the future. Early detection and correction of
defects, made possible by geodetic control, is significantly cheaper than eliminating the consequences of
ignoring them, such as cracks, potholes, and corrosion. Accurate measurements ensure proper road slopes and
effective water collection, minimising the risk of hydroplaning and increasing overall traffic safety on the
bridge.

Thus, the integration of geodetic control into hydraulic testing transforms it into a comprehensive tool
for ensuring the long-term reliability, economic efficiency, and safety of bridge structures.
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OCOBJIMBOCTI TEOJAE3UYHUX POBIT Y CKJAAI IPUMMAJIBHUX
BUIIPOBYBAHb CUCTEMHU BOAOBIIBEJAEHHS HA MOCTAX

Anomauisn

Beryn. IlpoBeneHHs BUNpOOyBaHb CHCTEMH BOJOBIJBEICHHS Ha MOCTaX € KPUTHYHO BAXKIMBHUM
eraroM, 1o 3ade3nedye IXHIO JOBrOBIUHICTH, Oe3meKy Ta HaniiHicTs. i BHUMpoOyBaHHS HEOOXiHI ISt
3armo0iraHHs TOMIKO/PKEHHIO KOHCTPYKII MOCTy, SIK€ MOXe OyTH CIpHYHHEHE HaJMIPHOK BOJIOTICTIO,
KOPO3i€r0 Ta 3aMep3aHH;IM BOJIH.

OCHOBHI IPUYMHM Ta 3aBJIaHHS BUIIPOOYBaHb

[TokpuTTS MOCTY MOCTIHHO MiANAETHCS BIUTUBY aTMOC(EpPHHUX OMNaAiB y BHIVIAL JOLIY, CHITY. SKmio
CHCTEMa BOJIOBIIBEICHHS HE MPAIIO€ HAJISKHUM YHHOM, BOa HAKOMMIYBaTUMEThCS Ha MPOi3HIN YacTHHI, 0
CTBOPIOE JI0JIATKOBE HABAaHTAXKEHHS Ha IOPOKHE MMOKPUTTSI Ta TiApoi3osuiiauii map. Lle Moxe npussectu 10
iXHBOTO IIBHIKOTO PyHHYBaHHS, MOSBH TPILIMH Ta BUOOTH. BUpoOyBaHHs 103BOJISIOTh IEPEKOHATHCS, 11O
BCsI BOJIa €pEKTUBHO 30UPAETHCS Ta BIABOIUTHCS.

MertarneBi el1eMeHTH MOCTY, TaKi SIK apMaTrypa, OajJKu Ta ONMOpPHI KOHCTPYKIIii, UyTIUBI A0 KOPO3ii, aKa
MOCUJIFOETHCS 111 BILTMBOM BOJIU, COJIi Ta XIMIYHHUX PEAreHTIB, 0 BUKOPUCTOBYIOTHCS B3UMKY JIJIsl 00pOTHOU
3 oxenenmuero. Hamexxna po0oTa cuCTeMH BOJOBIIBEICHHS MIHIMI3ye KOHTaKT MeETally 3 arpecMBHUM
CepEeIOBHIIEM, 3HAYHO 301IBIIYIOUN TEPMIH SKCIUTyaTallii CopY/Iu.

Bona, o He BiIBOAUTHCS 3 HOBEPXHI MOCTY, CIIPHSIE MMiABUIIEHHIO MIPOSIBIB aKBaIJIaHYBaHHS, 0COOJIMBO
mig vyac cuibHOro aoury. Lle 3Ha4HO MiABHIIYE PU3HK AOPOKHBO-TPAHCIIOPTHHX MpHroi. BunpoOyBaHHS
JOIIOMararoTh iIeHTH(IKyBaTH Ta YCYHYTH 30HH, A€ BOJAA 3aCTOIOETHCS, 3a0e3Medyoun Oe3MedHi yMOBU IS
PYXY TpaHCHOPTY.

BunpoOyBanHs1, 0 BKIIOYAIOTh NPOJIMBHI TECTH a00 TECTH HAa TePMETHYHICTh, JO3BOJISIIOTH BUSBHTH
nedeKTH, SIKi HEMOXKIIMBO MOOAYMTH Bi3yaJIbHO: 3aCMiYeHHSI IPCHAKHUX TPYO, TPILMHHU B TiIpoizosmii abo
HETIPaBUILHUH IIOXUIT JOPOKHBOTO MOKPHUTTSL. Lle ae 3Mory ornepaTnBHO yCyHY TH IPOOJIEMH, TIEPIT HiXK BOHH
CIIPUYMHATH CEPHO3HI MOIIKOIKEHHSI.

Perynsipui BUnpoOyBaHHS Ta CBO€YAaCHUH PEMOHT CHCTEMH BOIOBIIBE/ICHHS € 3HAYHO JICIICBIIINMH, HIXK
KaliTaJbHUHA PEMOHT MOCTY, SIKMH MOXe OyTH CHpUYMHEHUN pYHHYBaHHSIM KOHCTPYKIIH depe3 Iito
arMocgepHux omnamiB. L{i 3aXxoau € 4acTHHOIO IUIAHOBOTO TEXHIYHOTO OOCIYrOBYBaHHS, SIKE JOIIOMArae
VHHKHYTH Herepea0aueHnX BUTPAT Y MailOyTHBOMY.

BunpoOyBaHHS cHCTEMHU BOJOBIZBEICHHS Ha MOCTaX € HE MPOCTO (HOPMANBHOIO NPOLEIYporo, a
HEBIJ’€MHUM €JICMEHTOM BIAMOBIAAIBLHOTO YIPaBIiHHA iHQPACTPYKTYPOIO, IO 3a0€3MeUy€e JOBrOCTPOKOBY
CTIMKiCTh, EKOHOMIUHY €(heKTUBHICTh Ta O€3MEKy MOCTOBUX CITOPYI.

[pobnemaTrka. He3Baxkarouu Ha 3arajibHy BayKJIMBICTh BUPOOYBaHb, BiICYTHI YHi()IKOBaHI CTaHApTH
Ta METOAMKH, IO JO3BOJLSLIM O TPOBOJUTH TOBHHH Ta BceOiuHMH aHami3. KokeH MicT Mae yHiKalmbHI
XapaKTepPUCTHKH (JOBXHMHA, ITUPUHA, TOXUIH, TUII KOHCTPYKIIiT), 110 BUMarae iHAWBIIyaIbHOTO MiIX0Y 10
KOXKHOrO BHIIpoOyBaHHs. lle yckiagHioe TOpIBHSAHHSA pe3yJbTaTiB Ta PpO3POOKY YHiBepcalbHUX
peKOMEeHAITi.
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Meta. OCHOBHOIO METOIO TigpaBliyHMX BUIPOOYBaHb Ha MOCTax € 3a0e3Me4eHHs HaIildHOCTI,
JTOBTOBIYHOCTI Ta O€3MEeKH MOCTOBOI cropyau 4depe3 edekruBHe BinBeneHHs Boau. Lli BumpoOyBaHHS
JTO3BOJISIOTH MIATBEPIUTH, III0 CHCTEMA BOIOBIABEIEHHS TIPAIIO€ HAICKHIM YHHOM, 3a100iraloun pyHHIBHUM
HAcITiIKaM, CIPUYMHEHUM HaJMIPHOIO BOJIOTICTIO. BHUKOHAHHIO TifpaBIiYHUAX BHIIPOOYBaHb MEpPEAYIOTH
reoIe3n4Hi poOOTH — IIe KOHTPOJb 1 (ikcamisi (GaKTHUYHUX XapaKTEPUCTHK CHCTEMH BOAOBiABeneHHs. Lle
BKJIIOYAE TIEPEBIPKY IMPOEKTHUX MOXWIIIB JOPOXKHBOTO IMOKPHUTTS Ta APEHAKHUX JIOTKIB, PO3TALTyBaHHSI
BOJIONIPUIMAIIBHUX BOPOHOK Ta 3JHMBHHUX TPyOOHpoBOXiB. TOYHICTh IUX TAHMX KPUTHIHO BAXKJIUBA JUIS
3a0e3mnedeHHsT e(DeKTHMBHOTO 300py Ta BiIBEACHHS BOIU 3 IOBEPXHI MOCTa, II0 3amoOlirae i 3acTOl Ta
MOJANBIIOMY PYHHYBaHHIO

[IpoBenenHs reoe3naHUX poOIT HA MOCTaX Mae CBOi crienn(igHi 0COOIMBOCTI Ta BUKITUKU:

PobGoTH yacTo MpOBOJATHECS B yMOBAaX aKTHBHOTO TPAHCIIOPTHOTO PyXy, IO BUMAarae€ BUKOPUCTAHHS
CY4YacHOTO BUCOKOTOYHOT'O OOJIaIHAHHS Ta JOTPUMAaHHS MiABHUILEHUX 3aX0/iB OC3MEKH.

Mict — 1e AMHAaMIYHA CHOpy/a, sSKa MOCTIHHO 3a3Ha€ BIUIMBY TeMIlEpaTypHHUX KoimBaHb. Lle Moxe
MIPU3BOIUTH JI0 PO3IIUPEHHS a00 CTHCKaHHSI MaTepialliB, IO BIUTMBAE HA TOYHICTH BUMIPIOBaHb.

JocTyn 10 AesKUX eIeMEHTIB CHCTEMH BOJIOBIABEICHHS, HAITPHUKJIIA/, BHYTPIIIHIX APEHAXHUX TPYO abo
37IMBIB, MOKe OYTH 0OMEXEHHI, 10 BUMAara€ BUKOPUCTAHHS CIELialbHUX METO/IIB Ta IHCTPYMEHTIB.

Takum YMHOM, SIKiCHE TMPOBEIACHHS TEONE3WYHHX POOIT y CKIail MpUAMANTbHUX BUMPOOYBaHb €
HEBIJl'EMHUM €JIEMEHTOM 3a0€31eUeHHS JOBTOBIYHOCTI, Oe3MeKH Ta (PYHKITIOHATFHOCTI MOCTY, AOIIOMAaralouu
YHHUKHYTH TIPUXOBaHUX Ae(EKTIB Ta JOPOTOBAPTICHAX PEMOHTIB y MallOyTHEOMY.

Martepianu Ta metoau. [Ipu nocmimkeHHI MOXUOOK T€0AC3MYHUX MPMIIAIIB 1 pe3yIbTYIOUNX KOOPIUHAT
3aCTOCOBAHO CIOCIO ampiopHOTO CHUMYJISIIHHOTO MoJemtoBaHHA. [Ipy OIiHIN TOYHOCTI reoe3ndHuX PooiT
BUKOPUCTAHO METOJI CTATHCTUYHOTO aHaNi3Yy.

Pesynbratu. B po6oTi AgeTanpsHO OMUCAaHO eTamu, 3aco0M Ta POOOTH Te€0le3UYHUX BHMIPIOBaHb, SK
CKJIAJIOBOI YaCTHHH BUKOHAHHS pOOIT 3 mepeBipku eheKTUBHOI poOOTH CHCTEMHU BOAOBIIBeAeHHA. Ha ocHOBI
aHallizy TOYHOCTI BUKOHAHHS TEOAE3MYHUX pPOOIT HagaHO pPEKOMEHAAIii MIOA0 METOJUKH BHKOHAHHS
CIIOCTEPEkKEHb

BucHoBku. [HTerpauis reojesnyHuX BUMIPIOBaHb y TiApaBiIiuyHi BUIPOOYBAaHHS MOCTIB € KPUTUYHO
BaYUIMBOIO, OCKUIPKM BOHAa Haja€ OO0’€KTHUBHI Ta JOKYMEHTalIbHI JOKa3W BIAMOBIAHOCTI CHCTEMH
BOJIOBIZIBEJCHHS TPOEKTHUM BUMoraM. KoMIUIeKCHHMI aHaji3 3a0e3ledye TOBrOCTPOKOBY HAIiHHICTB,
EKOHOMIYHY €()eKTHBHICTb Ta MiABUIIYE OE3MEKy PyXy Ha MOCTY, IEPETBOPIOIOYN NpUMaibHi BUIIPOOYBaHHS
Ha HAyKOBO OOIPYHTOBaHUI Mpo1iec.

Knrwouoei cnosa: OyIniBHUNTBO Ta eKCIUIyaTallii MOCTIB, BOJIOBIJBENIEHHs, TOXIIH, T€0JE3WYIHI
BHUMIPIOBaHHS, TOXUOKH, HIBETIOBAHHI.
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